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This  thesis  examines  coat  effectiveness  of  smoke  screens  employed  by 
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and  155mm  howitzers)  and  one  for  large  area  means  (smoke  generators  and  smoke 
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pots).  Performance  characteristics  of  indirect  fire  smoke  ammunition  are 
incorporated  into  the  model  based  on  recent  experimentation  by  the  U.S.  irmy 
Systems  Analysis  Activity.  Smoke  screens  are  described  by  input  parameters, 
which  are  varied  by  a heuristic  search  procedure.  These  parameters  (and  their 
limits)  include;  weather  (lapse,  neutral,  and  inverse  conditions  with 
accompanying  wind),  screen  duration  (l  through  60  minutes),  and  sheaf  width 
(100  through  1050  meters).  Cost  effective  preferences  are  recommended  for 
various  smoke  screen  employment  means.  Possible  areas  for  future  research  are 
suggested. 
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iCKproun  . 


1 •.■■‘udy  of  mlll'aiv  ’ ia  tt'ry  sun;k3-tJ^  that  rnodf  rn  wari'ar  may 
O'-  Lowed  a«  a con  let;  L o;  noa.a.re  and  coun  tcrmcaaure . Ac  a , 
ox.implo , for  a tank  nnr  :<>  mtci-mcacuro  is  an  anti-tank  ^uiaod 
nissili;  ( .vTGi't ) , for  fi'-Ld  artjllory  ono  countermeasure  is  counter 
batt^ry  1 i rt' . for  mar'v  enemy  aetions  smoke  can  be  an  effectivo 
countermeasure.  In  , 'noral,  smoke  can  obscure  and  suppre'-,s  the 
eni'iny,  and  degrade  n.  ? of f ‘ c tiveness  of  his  weapons  systems. 

(Hef  1,  page  2.)  Smo'.'a-  can  ohscuie  the  enemy  so  that  he  cannot 
accjuiro  or  track  tame  is,  or  rain  combat  intelligence  on  friendly 
activities.  A military  target  may  be  defined  to  be  suppressed  if 
its  performance  of  a is  ction  riteded  for  mission  accomplishment 
is  degraded  below  a minimum  level  for  a specified  time.  (Ref  2, 
pare  1 . ) Accordin  ly,  smoke  can  suppress  the  enemy  soldier  by 
producin,'  confusion,  d i sorien  to,  tion,  fear  of  the  unexpected,  and 
vultier  abi  1 i ty  . 3mok  can  degrade  ih-  effectiveness  of  enemy 
weapons  systems  by  obi'isca tl ng  the  . Lsual  aim  infi-a-red  (IR) 
regions  of  the  elec tromagnetic  spec ‘ rum  nrech-d  for  observation, 
target  acquisition,  and  fire  contrtjl,  (Kef  I,  page  2.)  In 
particular,  smoke  can  de.-crade  the  performancr  of  laser  range 
finders,  as  well  as  optically  guided  missiles,  such  as  the  Sagger. 

1 Kef  3,  page  2 . ) 
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jnffM 


I vnt  Ar  ! i oi  U..  Lo!>  r ' " >r  tfi''  \n  lij  ■ 

, r.rit'  ..  ,in;i  oJ  f.  tiv-.l  ' ‘ * f'  tr.c;" 

y] ■i-d  i t )u s ;n  I I ■ ' >'  ■ i i:  1 1 . ■ ; ■ . . o 1 f-  j 1 1 ur. ' i.  . 

the  IcneL  tha'  it'  ‘''i-  • r:in;io1  :;pc  yi'u,  youi:  r’’ i vabi  I I i 

Lin{t'ov"d.  'Ibis  l>  ' ' ■ ■ i.  I also  i exnror.a,<-  i as  ‘'•.via*,  can  be 

;a>en  ;nl,  ht  bo  nil"  . ".'.'hat.  can  bo  hit.  iii  t killed."  ^ I 
; 1,  :G  3 tmd  9.)  dmoKo  i a a iiexilio  wcapof'  of  cif  ni  1'i.cnri  t, 
pu'  lilial,  as  the  Jra.';-.  Canal  exam;  'e  poi.ctr;  '''r.  . 


i:,.'3sentiaily , Uniled  Sta.t.es  f 1 and  3 ihrou.  ‘ ) ana 

..  > ■ 'V,  Pact  (Kef  6 iiuouj^h  10.'  di ''  trine  on  the  tac  + ical  use  of 
r,v  ■ ' is  similar.  I*  is  a national  secuil'i'y  o a Jec  live  ii;at  the 

u.J.  .Army  must  mnintaiti  its  orepniadness  fo.^  all  int-nsity  levels 
of  wnriare.  A power'. al  and  potential  adversary  sacb.  a.c  the 
da-aaiA  fact  can  and  probably  will  use  smoke  in  a conventional 
war.  ’.here  fore.  : ;;r  salient  aspects  of  tactical  smoke  employment 
bear  analysis.  Thin  : r.por  considers  one  such  aspect.  Other 
■isp'i' t.::  nro  curron'iy  under  ■ -orKbi  d<- r-.i  1 Ion . (Hef  15.  pap.es  I 
th  I'ou;  h I M . ) 

i . ^ b.jective 

. ne  ob.b'clive  of  tiiis  pap;"-  is  to  determine  the  most  cos' 
'■Ifoctive  type  of  indirect  fin'  siaoke  ammunlt'ion  to  provide  a 
preplanned  s'nok<  sb.eaf  for  visa-  1 obscuratioii . The  types  of 


ammunition  considcrru  ai  r 


the  'Id''!)  .n’,  Slmm  V.i  , h.2in  yp,  105mm 


I ' ’ li  . moiis tral  > ['  ■■  po  I ntjaL  source  of  amokc  ar-rcoa:; 

i'iOr  to  many  P-.  t'oi'T;'. 


. ns’imp-^  i onn 

Cf  critical  s i ; r.  i ficancc  to  a nodel,  as  to  any  military 
analysis  or  stnf'l  study , are  t'le  underlying:  assumptions.  Tdie 
asr-  iptlons  made  in  this  paper’  ir;iude: 

1.  Gnoke  will  to  us'‘'n  on  future  battlefields  by  the 
U.G.  military  forces. 

2.  Indirect  fire  will  be  a primary  means  of 
employing"  smoke  screens. 

3.  Smoke  screens  v/i  I l be  employed  so  as  to  produce 
obscuration  with  a probability  oJ’  93;o.  In  other  -words,  the 

j robability  is  955^  that  the  scref  n will  obscure  a ' ine  of  sifrht 
! hrouf.h  it.  If  a screen  cannot  be  employed  to  produce  this 
probability  of  obs<  j tiori,  it  will  not  be  employed  at  all. 

4.  A r.inoke  screen  fire  mission  will  be  arsirnei  ‘o 
only  one  firing  ur  * (I’lortar  section  or  platoon,  howitzer  bntlrry) 
at  a time. 

5.  -nJ.  1 sc.-O'-ns  are  located  within  range  of  all 
’weapons  systems. 


1 


t-  ? ; 

1 h<-  p;:;  i'-ie1c.r'.:  v;  im  i i l.ni  ;3  Gtuuy  include  the  time  of 
t. durutiiMi,  ucrc'-i  '.;i  I'ri,  aoi  weather.  Iri  auditioii,  spec'iL 
^uiatioria  ; lade  eor.r- nr  the  number  oJ'  tubes  per  firing 
t.  'ihesi  npcciai  calculn tii  i r wore  made  to  e/.ariine  the  effect 
Cable  of  Org  anization  ana  equipment  (TOE)  structure  on  the 
iinuia  screen  cost.  For  example,  if,  by  adding;  a mortar  tube 
the  firing,  unit  the  4.2in  laortar  platoon  can,  on  the  average, 
rce  a screen  more  cheaply  than  the  l^^mm  howitzer  battery, 
if  this  cost  savings  is  greater  than  the  price  of  the 
itional  mortar  tab--. , the  li.S.  Army  would  save  money  by  changing 
4.2in  mortar  'iCi  structure  to  accomodate  the  additional  tube, 
is  thesis  considers  materiel  costs  only.) 

Scope 

i he  scope  of  this  paaer  is  limited  to  the  objective  as 
• ted.  It  does  not  include  optimal  employment  criteria  for 
ticai  success,  nor  docs  it  include  tactical  guidance  for 
ibat  unit  command’  rs.  Mission  accomplishment  may  require  a 
s effective  sere-  ; (i/i  terms  of  obscuration  level)  than 
isidered  here,  or  less  cost  effective  means  of  employmerrl  , 

^oth . 


For  co:nparison  with  indirect  Tire  means  this  paper  considers 
he  iv.3  Mechanical  Smoke  Generator,  and  the  military  series  of 
moke  pots,  i.  e.  Ml,  ABC  M-5,  M4A2,  AN-K?  SGF2,  and  AN-M?A1  SGF2. 
mpioyment  criteria  (Ref  13i  pa^’';e  21.)  for  smoko  generators  ar 

I 

moke  pots  enable  construction  of  r<  computer  model  of  employmej  ' j 

ost  effectiveness.  A copy  of  this  model  appears  as  Appendix  C. 

At  present,  l6  United  States  Army  Reserve  (USAR)  companies 
lomprisc  the  total  U.S.  Army  employment  capability  for  smoke 
.enerators  and  smoke  pots.  (Ref  lA,  paf-.e  1.)  The  tactical 
lituation  will  dictate  which  means  of  smoke  screen  employment 
ire  feasible  without  unduly  jeopardizing  the  safety  of  the 
jmployinp:  personnel. 

Li  Terminology 

In  this  paper  the  term  screen  is  used  in  the  sense  of  a 
moke  screen.  It  is  recocnized  that  artillery  doctrine  separates 
the  functions  of  screeninp,  and  obscurinf.  (Ref  3i  pape  4.) 
lowever,  in  this  paper,  the  word  screen  will  be  used  to  describe 
)oth  activities.  Sheaf  is  another  term  for  a screen.  Screen 
/idth  or  sheaf  width  is  the  dimension  of  the  screen  perpendicular 
:o  the  line(s)  of  sight  being;  obscurred  by  the  smoke. 


As  used  in  the  stated  objective  the  term  cost  includes  that 
)f  the  ammunition  (total  objective)  only.  Thus,  the  term  does  not 


Irclud';  coiitK  from  r.ourcrs 


Kuch  as  equipment  mal  ntenaijcr- , crv'V/ 


op'>rritions , personnel,  ammunition  transportation  and  stockap;f  , oi 
opportunity  costs,  t ne  latter  occur  when  a smoke  mis.sion  is  firei 
in  lieu  of  any  other  mission.  For  example,  a s.iioke  mission  fi'-"  ' 
in  lieu  of  a hifji  explosive,  anti-personnel  mission  v^ould  proa  c* 
opportunity  costs.  These  costs  would  be  the  expected  numbei-  of 
enemy  casualties  foregone  in  order  to  free  the  firing  unit  for 
the  smokg  mission. 

Ci . decision  Basis 


To  aid  in  placing  smoke  employment  cost  effectiveness  in 
proper  context,  let  us  consider  the  thought  process  of  a tactical 
commander  employing  a smoke  screen.  His  thought  process  may  be 
depicted  by  a decision  tree,  which  appears  as  Figure  1.  (Ref  17, 
pages  iO  through  11.) 

The  particular  questions  which  he  or  his  staff  must  answer 
are  as  follows; 

1.  b'ha>.  guidance  has  teen  issued  from  hipher  level 
headquarters  concerning  the  use  and/or  priority  of  employment 
means  of  smoke  screens? 

2.  iiVhat  are  the  weather  and  terrain  conditions? 

3.  i'/hat  weapons  are  available  to  employ  the  smoke 

screen? 

4.  itovv  much  smoke  ammunition  is  available  for  each 


6 


wtai-on': 


L-.nd  other  pcrtinonL  questions  may  bo  rcpreaentod  by  the 
foliowiiifi;  decision  tree. 


1 


?ifure  1 

Typical  Decision  Tree 

It  is  this  writer's  opinion  that  only  when  all  tactical 
decision  factors  have  been  satisfied  does  cost  effectiveness 
become  a valid  criteria.  Thus,  the  tactical  commander  usin< 
figure  1 as  a guide  should  apply  cost  effective  criteria  on  the 
employment  means  produced  at  the  bottom  of  Figure  1 . 
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H . llypothotical  Application 


As  a hypothetical  example,  let  us  consider  1 ';j5nun  howitzer 
and  4.2in  mortar  as  potential  smoke  employment  means.  For 
tactical  reasons  not  {’;ermane  to  this  discussion,  the  combat 
commander  decides  to  consider  only  those  two  means  for  potential 
smoke  screen  employment.  Because  of  tactical  considerations,  his 
anticipated  employment  may  be  depicted  by  Figure  2. 


iViission  expected  lisat  e 


Attack 

1 55mm 

CE 

4 .2in 

Defense 

1 5 

CE 

4 . 2in 

Figure  2 

hypothetical  Anticipated  EmplojTnent  Chart 

The  bars  represent  100%  of  the  approved  smoke  screen  fire  missions 
for  1 55>nm  howitzers  and  4.2in  mortars.  Portions  of  the  bars 
inscribed  with  a specific  weapons  caliber  denote  relative 

i 

percentages  of  employment  by  the  inscribed  weapons  system.  'I  he 
portions  inscribed  with  CE  denote  relative  percenta,^e5  of 
employment  where  cost  effective  criteria  apply.  In  general,  the 
bars  portray  the  tactical  commander's  expected  usage  of  smoke 
screen  employment  means.  In  the  attack  he  anticipates  using 
1 55fnm  howitzers  more  often  than  4.2ln  mortars  to  produce  smoke 
screens.  According  to  his  tactical  concept  the  majority  of  smoke 
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GcrecriB  are  ou  L of  4.2in  mortar  riin;,e.  In  i he  defense  he 
anticipates  usinp.  4.2in  mortars  more  often  than  howitzers 

to  produce  smoke  screens.  According  to  his  tactical  concept  the 
majority  of  smoke  screens  are  within  ranj^e  of  the  4.2in  mortars, 
he  v;ants  to  be  cost  effective,  and  he  wants  to  save  his  155nii; 
howitzers  for  hip.h  explosive  missions.  Overall,  he  anticipates 
applying  cost  effective  criteria  more  often  in  the  defense  than 
in  the  offense.  Because  of  more  time  available  for  detailed 
planning  and  coordinating,  the  defense  allows  him  more  flexibility 
in  applying  cost  effective  criteria  to  indirect  fire  missions. 

As  another  hypothetical  example,  let  us  consider  a specific 
tactical  scenario,  either  attack  or  defense.  For  tactical 
reasons,  the  combat  commander  again  decides  to  consider  only 
155™i  howitzers  and  4.2in  mortars  as  potential  smoke  employment 
means.  Figure  3 is  a graph  which  depicts  when  the  155nim  or  both 
weapon  systems  can  be  used,  as  a function  of  sheaf  width  and 
screen  duration.  It  should  be  noted  that  we  assume  the  intended 
screen  location  is  within  4.2in  mortar  range,  otherwise  the 
commander  could  not  consider  that  system  for  screen  employment. 
(155inm  howitzer  range  is  greater  than  4.2in  mortar  range.) 


a 


I 


I 


Kjheaf  Width 


1 5 


Screerj  Duratioi 


Figure  3 

Hypothetical  Anticipated  Employment  Graph 

Th<^  i^ortion  of  the  gi'aph  inscribed  with  l55nim  denotes  the  area 
where  only  the  l55tnm  howitzer  battery  can  produce  the  desired 
screen  (the  4.2in  mortar  platoon  cannot),  either  because  of  the 
sheaf  width  or  screen  duration  desii’ed.  These  two  parameters 
lai^^ely  determine  the  number  of  rounds  required  for  the  smoke 
mission;  if  the  requirement  is  too  high,  the  unit's  maximum 
firing  rate  will  be  exceeded.  Excessive  firing  rates  are  usually 
avoided,  to  preclude  tube  burn-out  due  to  undue  temperature  and 
pressure  from  too  many  rounds  being  fired  in  too  rapid  a 
succession.  The  portion  of  the  graph  inscribed  with  CE  denotes 
the  area  where  either  the  or  4.2in  weapon  system  can 

produce  the  desired  screen.  Hence,  in  the  CE  ax'ea,  cost  effective 
criteria  apply.  For  each  screen  duration  value,  the  graphed 
function  indicates  a correspondim : sheaf  width  value.  First  let 
us  consider  a constant  sheaf  width.  Below  the  corresponding 
screen  duration  value,  cost  effective  criteria  will  be  applied; 
above  the  value,  the  1 55nim  howitzers  will  produce  the  screen. 
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prcT  rnpY 

O L .j'  5 ' ' 

licxt  i'  ' u:;  consider  ^ con:,  ant  ncrcLi  nureiJoi.  .oiov  l',o  i 

cocif'';' •Midiri;':  ohcal'  '.vi'.’l.h  v 'ne,  I'un.t  c f'oo  t,  j \ r will  bf 

above  the  . tiue,  t'",e  hovntr.ers  'amIL  produce  ':he  ; 

screen.  In  general,  { iven  a unironu  distribution  of  intended 

screens  in  terms  of  sheaf  width  and  screen  duration,  the  tact,  jal 

commander  anticipa  t .s  using  hov/itsers  more  often  than 

applying  cost  effective  criteria.  J 

i 

( 

I 

I . Sample  Calculations 

An  example  will  aid  in  explaining  the  calculation  procedure 
used  in  the  Indirect  i^ire  Smoke  Model  (Appendix  A).  For  a noniir,al 
situation,  let  us  consider  a sheaf  width  of  200  meters,  a screen  I 

duration  of  5 minutes,  and  weather  conditions  of  lapse  (smoke  j 

rises  slowly)  with  a 5 knot  cross  wind.  In  this  example  only  the  i 

4.2in  WP  and  155nim  iiC  projectiles  will  be  calculated  with  I 

detailed  comments.  In  the  model  (Appendix  A)  all  indirect  fire  i 

weapons  systems  are  considered  for  each  set  of  employment  : 

parameters . 

For  the  4.2in  b'P  the  following,  calculations  appl.v.  The 
maximum  firing  rate  is  9 rounds/tube/minute  for  the  first  5 i 

minutes  and  3 rounds/ tubc/minu  te  for  each  succeeding  miniate. 

1 

I 

(Ref  11,  page  4-2.)  To  parallel  the  d.3.  Army  Materiel  Systems 
Analysis  Activity  (A.;SAA)  experimentation  which  produced  the 
JTCG  Model  (Appendix  J),  2 minutes  of  firing  are  needed  to 
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CBtablich  the  screen. 


thus,  for  a t tube  platoon,  a maxjmum  f>  1' 


(9x4>;5)  + (3x4x2)  • .204  rounds  may  be  fired  in  the  7 minutes  j 

needed  for  the  missLon.  f'rom  the  di  di  t'odel,  the  number  of 
rounds  needed  to  establish  the  screen  is  (.03373  x 200  meters)  - 
•75  = 6;  the  number  of  rounds  needed  to  maintain  the  screen  is 

(the  same  value)  6 + (a  constant)  3 = 9 per  minute,  or  9x5  = ^'5  j 

rounds  total  to  maintain  the  screen  for  5 minutes.  Thus,  the 
total  number  of  rounds  for  the  fire  mission  is  6 -f  45  = 51  • 

Since  51  is  less  than  204,  the  platoon  can  fire  the  mission. 
cost  of  each  4.2in  WP  projectile  is  $49.54.  (Kef  12,  pape  .) 

The  cost  of  the  mission,  then  would  be  51  x $49,54  = $2526.53. 

Por  the  155mm  HC  "the  following,  calculations  apply.  The 
maximum  firing  rate  is  4 rounds/ tube/minute  for  the  first  3 
minutes  and  1 rouud/tube/minute  lor  each  succeeding  minute. 

(Ref  11,  page  4-3.)  To  parallel  the  AMSAA  experimentation  •.•h’'  '- 
produced  the  JTCG  Kodel,  2 minutes  of  firing  are  needed  to 

establish  the  screen.  Thus,  for  a 6 howitzer  battery,  a maxi  nun  ■ 

of  (4x6x3)  + (1x6x4)  -■  96  rounds  may  be  fired  in  the  7 minutes 

needed  for  the  mission,  f'rom  the  J1  CU  ilodel,  the  number  of 

rounds  needed  to  establish  the  screen  is  (.01  x 200  meters)  + 1 

3:  the  number  of  rounds  needed  to  maintain  the  screen  is  (the  same 

value)  3 (a  constant)  3 = 6 per  minute,  or  6x5  = 30  rounds  to 

maintain  the  screen  for  five  minutes.  Thus,  the  total  numb^'r  of 

rounds  for  the  mission  is  3 + 30  = 33*  Since  33  is  less  tluu, 

the  battery  can  fire  the  rai.ssion.  The  cost  of  each  155Tmn  lib 
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projectile  is  4'60.4o.  (Ref  12,  page  2-163-)  'ihe  cost  of  the 
mission,  then  would  be  33  x $60.40  = $1993 -20. 


similar  calculations  were  made  with  the  following  results. 

The  60nm  WP  could  not  produce  the  screen  since  the  3 lube  platoon’s 
maximum  firing  rate  was  exceeded.  The  remaining  costs,  by 
projectile  type,  v/oulu  be  i 8lmm  WP  - $2262.  ?0,  105mm  '41  - $48?4.76, 
105mm  HC  - $13^3*0^.  and  l55ni^Ti  WP  - $3131 -lO. 

Considering  all  of  the  previous  projectiles,  the  decision 
maker  using  cost  effective  criteria  would  select  the  105mm  HC , 
saving  a minimum  of  $650. l6  and  a maximum  of  $3531 •72,  compared 
to  the  other  costs.  It  should  be  noted  that  the  minimum  savings 
of  $650.16  is  approximately  48^o  of  the  cost  of  the  mission.  Thus, 
by  using  cost  effective  criteria  the  decision  maker  saves,  as  a 
minimum,  almost  half  as  much  as  he  spends! 

J . Comment  on  Basic  Loads 

U.S.  Army  planninf,  guidance  suggests  basic  loads  for  WF  and 
hC  rounds  for  specific  weapon  systems.  In  the  armored  or  mechanized 
Division,  the  4.2in  mortar  platoon  should  carry  84  rounds  of  WP, 
while  the  1 55™n  self-propelled  (Si)  howitzer  battery  should  carry 
72  rounds  of  WP  and  102  rounds  of  HC . (Ref  16,  pag,es  3-4  7 and 
3“58f  respectively.)  The  example  screen  of  the  preceeding 
paragraph  would  require  15  rounds  of  4.2in  WP  (approximately  4.9;6 
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01'  the  doctrinally  ouf  Rested  basic  load).  Accordiny.ly , the  4.2in 
mortar-  flatoon  could  f'irc  approximately  I,  and  the  l 55nm  hov/itzor- 
battery  could  fire  approximately  20  nominal  smoke  screen  missions 
like  the  one  discussed  in  the  preceedini’:  para^'raph . 'ihis 
calculation  illustrates  that  the  number  of  rounds  in  the  basic 
load,  as  well  as  the  relative  effectiveness  of  the  weapon 
system,  greatly  affects  fire  mission  capability.  If  a combat 
scenario  can  be  anticipated  with  acceptable  accuracy,  fire 
mission  requirements  can  be  estimated.  This  estimate  may  allow 
judicious  application  of  cost  effective  criteria.  For  example, 
if  a tactical  commander  planning  an  active  defense  can  anticipate 
the  enemy's  axis  of  advance,  he  (the  defending  commander)  can 
plan  where  he  desires  smoke  screens  to  disrupt  the  enemy's 
advance.  He  could  then  make  calculations  similar  to  those  of 
paragraph  I above.  Accordingly  he  could  provide  for  the 
screen,  apply  cost  effective  criteria,  minimize  cost,  and 
preposition  the  required  ammunition.  The  savings  thus  gained 
should  facilitate  increased  procurement  of  needed  materiel  with 
minimal  risk  to  mission  accomplishment.  In  today's  milieu  of 
combat  readiness  and  budgetary  constraints,  minimal  risk  is  often 
necessary  for  mission  accomplishment. 
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Chapter  II 
Model  development 


A . Model  Construction 

In  the  model,  a smoke  screen  is  employed  by  establishing^ 
the  sheaf,  then  maintaining  it  with  additional  smoke  rounds  fired 
at  properly  timed  intervals.  The  timed  intervals  are  a 
characteristic  of  the  weapon  system,  to  include  the  projectile. 

The  number  of  rounds  to  establish  the  screen  (TNE)  and  the  number 
of  rounds  to  maintain  the  screen  per  minute  (TTIM)  are  two  separate 
functions,  and  are  determined  by  the  v/eapon  system,  sheaf  width, 
and  weather.  The  total  cost  (TC)  of  a smoke  screen  may  be 
expressed  as: 

TC  = ( TNE  + (TNTi  x time)  ) x (price  per  round). 

The  types  of  weapons  systems  considered  in  this  study  are 
the  60mm,  8lmm,  and  4.2in  mortars,  and  the  105mm  and  I55mm 
howitzers.  The  maximum  rate  of  fire  of  each  weapon  system  was 
used  to  determine  whether  or  not  the  weapon  system  could  supp'^i^'t 
the  fire  missions.  If  the  maximum  rate  of  fire  was  exceeded,  the 
weapon  system  could  not  fire  the  smoke  mission.  The  fire  missions 
were  defined  as  a particular  width  of  screen  established  and 
maintained  over  a particular  time  interval  during  particular 
weather  conditions.  Sheaf  width  varied  from  100  meters  to  1050 
meters  in  50  meter  increments.  Time  interval  varied  from  1 minute 
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10  (0  ..inuto:,-  in  1 minute  increments.  Ihr  weather  condition:; 
incLudedj  Ir.fjso  (nrnol'c  ri  r;cs  slowly)  uiiu  [,  rnot  wind,  neutral 
( suoke  neitlier  rises  nor  fulls)  .md  Knot  wind,  neutral  and  ]0 
knot  wild,  neutral  and  O Ifio  t wi  d,  and  invorsion  (smoke  laid 
slowly)  and  5 knot  wind.  These  v/eather  conditions  were  selected 
as  representative  of  the  spectx'um  of  climatic  conditions  where 
smoke  screen  employment  is  feasihle.  In  addition,  these  weather 
conditions  were  the  ones  used  in  the  AiViSAA  JTCG  i.iodel,  upon  which 
the  models  of  Appendix  A and  Appendix  C were  based.  It  is 
ant' nipateu  that  v/eatber,  like  the  other  parameters  varied  in 
this  study,  will  have  a sivnii leant  effect  on  smoke  screen 
production  means  selected  by  cost  effective  criteria. 


In  a parametric  analysis  encompassing  multiple  independent 
parameters,  each  having  many  discreet  values,  a heuristic  search 
procedure  is  often  employed.  The  purpose  of  the  procedure  is  to 
produce  a finite  number  of  data  points  which  is  large  enough  to  be 
representative  yet  small  enough  to  be  tractable.  In  this  study 
the  search  procedure  consiistel  of  varying  parameters  in  the 
following  order.  First,  duration  of  screen  v/as  varied  from  1 
through  60  minutes  in  1 minute  increments.  Second,  sheaf  width 
was  varied  from  100  through  IO5O  meters  in  50  meter  incremeu  is . 
Third,  the  number  of  tubes  per  firing  unit  v/as  increased  by  one 
for  each  weapon  separately  and  then  all  weapon  systems  together. 
After  variation,  each  parameter  v/as  reset  to  its  value  in  the  base 
case,  or  Run  1.  (Chapter  III  contains  the  specific  parameter 
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settirif^R  of  the  base  ca-u.'.!  ''.he  reason  for  resettin tlie  values 

ii  'er  each  variable  n .;u.'  *o  retain  the  base  case  as  a v.-iliu  >'3sjr 
for  comparison  oi  rer:ii  1, ‘,r, . his  comparison  will  bo  di;;cusseci  in 
Chapter  IV . 

ihe  fire  missions  e ^nsidored  in  this  study  were  functions 
o*  .veapon  system,  sheaf  v/bith,  screen  duration,  and  weather 
conditions.  Due  to  the  large  number  of  situations,  a computer- 
model  was  constructed,  h copy  of  the  model  appears  as  Appendix  A. 

i'he  computational  p’t'oeedure  is  as  follows.  For  a particular 
r.iieaf  width,  a particriar-  weather  condition  and  a particular 
screen  duration,  tiie  nut.ibcr  of  rounds  needed  for  the  fire  mission 
i::  calculated  by  weapon  system.  This  number  is  compared  to  the 
maximum  number  of  .’-emds  which  can  be  fired  by  the  same  v/eapon 
system  in  the  time  interval  of  screen  duration  plus  two  minutes, 
the  additional  two  i-iir;utes  are  used  so  as  to  parallel  the 
o;.p 'rimentation  v/hio.i  produced  the  AHSAA  J'PCG  Model;  the 
experimenters  found  tliat  it  took  approximately  two  minutes  of 
lirin/  to  establish  a screen  producing  obscuration.  If  the 

v;ca])on  system  can  produce  the  screen,  the  cost  is  calculated  by 
the  equation 

TC  = ( VNE  1 (T!.;..  X time)  ) x (price  per  round), 
if  the  weapon  system  cannol  produce  the  screen  (unit's  i.iaximum 
rr  te  of  fire  was  exceeded),  an  abnormally  high  cost  of  '1>9999999  • 99 
is  assigned.  This  crocelurc  is  repeated  for  each  weapon  system. 
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jtquenlly,  the  lowest  cost  is  selected  and  printed.  This 
pletes  the  computations  for  one  set  of  parameter  values.  A 
set  ’ r.  specified,  and  the  same  computations  made,  until  all 
s have  been  considered. 


The  procedure  for  parameter  variation  is  as  follows.  The 
el  accepts  as  input  parameter  values  of  five  slioaf  widtiis, 
e weather  conditions,  and  ten  screen  durations.  The  model  nest: 
parameters  for  variation  as  screen  duration  within  weather- 
■di-'ion  within  sheaf  width.  In  other  words,  the  first  value 
sheaf  width  and  the  first  value  of  weather  condition  are  fixed 
le  the  screen  duration  values  are  varied  from  first  to  tenth. 

: next  weather  condition  is  then  fixed  and  the  screen  duration 
• in  varied,  until  all  five  v/eather  conditions  have  been  applied 
all  screen  durations.  The  nex!  sheaf  width  value  is  fixed 
i the  same  weather  conditions  a id  screen  duration  comMnations 
I applied,  until  all  sheaf  widtiis  ha/e  been  applied  to  all 
I then  conditions  and  screen  durations.  The  results  are 
[played  in  a matrix  ot'  ?50  rovr’.  -'rd  d columns.  Each  ro'w 
■responds  to  a set  of  parameter  conditions.  Columns  1 through 
lontain  the  cost  of  the  screen  u:irei  the  appropriate  pcramtter 
iditions  by  weapon  system  type  in  Ihe  order'  60mm  WP,  8lmm  . * , 

:in  .iP,  I05mm  WP,  lOSmm  HC , 133mm  ,JP,  and  I55mm  HC . The  3th 


•umn  contains  the  minimum  cost  of’  tlie  seven  weapon  system 


.ucs  in  the  row. 


■ -V-  . 


i'or  p,eneral  interest,  it  should  be  observed  that  thie  average 
osts  for  all  conditions  are  computed  by  weapon  system.  The 
verafe  computation  does  not  include  those  cases  wiiere  the  v/eapon 
ystem  cannot  produce  the  smoke  screen. 

.Sources  of  Data 

Tne  numbers  of  rounds  to  establish  and  maintain  a smoke 
creen  under  r.iven  conditions  were  calculated  from  the  smoke  model 
iroduced  by  the  U.S.  Army  Materiel  Systems  Analysis  Activity 
AiVlSAA ) . \ copy  of  this  model  appears  as  Appendix  B.  It  should 

>e  noted  that,  as  of  this  writing,  only  the  I55nim  HC  portion  of 
:he  AMSAA  JTCG  Model  has  been  validated.  However,  it  is  the  only 
juch  model  known  to  exist. 

The  maximum  firing  rates  of  selected  weapon  systems  (Ref  11, 
)ages  4-2  and  4-3.)  are  given  in  Table  1.  Undimensioned  nun.bers 
ire  in  rounds  per  minute.  The  second  row  of  entries  for  Slmm  and 
i-.2in  mortars  indicate  successive  firing  rates  (after  the  first 
linute  of  firing).  This  writer  is  aware  of  several  such  tables; 
the  figures  in  Table  1 are  representative  of  the  range  of  values 
(bserved . 
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Maximum  Firing  Rates 


The  prices  per  selected  rounds  (Ref  12)  and  the  tubes  per 
firing  unit  are  given  in  Table  2.  The  rounds,  for  correlation, 
are  the  same  as  those  selected  for  the  JTCG  Model. 


Weapon 

Type 

Model 

Cost/Round 

6 0mm 

WP 

M3  02 

519.31 

81mm 

WP 

M57 

M8.70 

4.2in 

WP 

M328A1 

r 

V 

>49.54 

1 05mm 

WP 

M60 

536.93 

1 05mm 

HG 

M84BE 

555.96 

1 55nim 

WP 

Ml  10 

^69. 58 

1 55mni 

HC 

M116BE 

1^60. 4o 

Table  2 


Tubes/Firinr,  Unit 

3 

3 

4 
6 
6 
6 
6 


Cost  and  Tube  Data 


C . Measure  of  Effectiveness 

The  measure  of  effectiveness  to  be  used  on  the  output  of  the 
computer  model  is  that  of  cost,  which  will  be  minimized  while 
holding  effectiveness  constant.  An  attempt  will  be  made  to 
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recognize  trends  for  minimum  cost  screens  so  as  to  produce  a cos^ 
effective  priority  of  fire  for  a riven  situation  of  screen  width, 
screen  duration,  arid  weather  condition. 

D . Lar<  ;e  Area  Smoke  Model 

Large  area  smoke  employment  costs  were  used  for  general 
comparison  with  indirect  fire  smoke  employment  costs.  Accordingly 
the  detailed  development  of  the  Large  Area  Smoke  P^lodel  will  not 
be  included  herein.  It  should  suffice  to  observe  that  the 
computational  procedure  was  the  same  for  large  area  smoke 
employment  means.  To  facilitate  comparison  of  results,  the 
computer  model  output  format  and  parametric  terminology  were  also 
the  same.  Large  area  smoke  employment  means  include  smoke  pots 
such  as  wl  , ABC  M-5.  Fii4A2,  AN-M7  SGF2,  and  AN-M7A1  SGF2,  as  well 
as  the  M3  Mechanical  Smoke  Generator.  The  interested  reader  is 
invited  to  refer  to  Appendix  G for  details  on  the  large  area 
smoke  emplo.yment  model.  Bibliography  entries  numbered  5.  9.  and 
10  apply. 
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•iuns  1 ‘ ‘.rouph  l<.  ;erV.’in  'o  U.c  ’ oH'  i.  1 .i:  , liz  A,  r.'  . cl 

F 1 rf'  Amokc  ..oulL.  alLor  Aua  ’ , i>'iL.v  P ra.-  'i  i-  ^ ria  t i .c  'i-(. 

6i'ecl.t  led.  In  all  runs  Ine  ave;--.  t;  tot'  I co:  t.  a:  n'  r of 

rouii^a  required  were  comjiuted.  weifhtinf  equi  ily  each  oi  the  250 
situations  consid'^red.  v’-he  result  of  5 scree  t let.f'th::,  5 weather 

conditions,  and  10  screeii  Jiratims  is  a to'*r.  of  'x5xl0  = 250 

sit  lations . ) 

Run  1 . Run  1 was  the  base  run,  and  formed  the  basis  for 
parametric  variation  in  later  runs.  In  Run  1 the  time  of  screen 
duration  (o'!)  was  from  1 minute  to  10  minutes,  in  I minute 
increments.  Sheal  width  (SH)  was  from  200  meters  to  1000  meters 
in  200  meter  increments.  VJeather  conditions  (W)  included  all  five 
specif ica  lions . 

Run  2 . In  lain  2 D'i  varieo  from  11  mir'Utes  to  20  minut.c'S  in 
1 r.inute  Incremerits. 

In  Ran  3 varied  from  21  minutes  to  30  nin  ites  in 
1 minute  increments. 

Run  h . In  Run  4 DT  varied  from  31  mirutes  to  40  minutes  in 
1 minute  increments. 
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■1.;  ./  VL-  'oa  1 r-orti  4i  :,;u.ut‘'s  X'.i  ‘0  mi  in 

I ninut  ' i ncfe'nen . 

Kun  6 . In  ftun  (>  u)  vari‘'M]  /roin  51  minuter  to  oO  minute;- 
1 minute  increments. 

After  Run  6,  DT  wa.-  reset  to  its  values  in  Run  1 . 

Run  7 . In  Hun  7 3i.  varied  from  100  meters  to  300  meters  in 
50  meter  increments. 

Run  8 . In  .vun  ■ :311  varied  froii!  35^  meiers  to  550  micteir.  in 
50  meter  incr'ements. 

Kun  9 . In  i<  9 varied  from;  6OO  meters  to  00  me'  ' in 
50  meter  increment;;. 

Run  1 0 . li.  Run  10  ■ vru-ied  fr-om  B50  motors  ' o IO5O  m'-lr-is 

in  50  meter  incrc  ii.en t ; . . 

After  Hun  10,  di.  -..ir,  iTset  to  its  value.;  in  nun  1 . 

Kun  1 1 . In  >1.1  11  liic  numt;  of  5 -m'l  noi  tar  tutx  s in  n.e 
firirif;  unit  was  ci  u.:  eu  :'rc..  ''  to  . 

Alter-  Run  1 1 the  numb'- r of  mort-,  tuUo-  y,-as  reset  to  ", 


r 


R in  12.  i.i  Run  1 the  number  oj'  8lmrn  mortar  tube^j  la  th" 
f i rinr  unit  wir.  charif  i n i'rom  3 io  4. 

I 

j 

After  Run  12  the  number  of  3lmm  mortar  tubec  -.var  reu'  t to  1. 

Kuti  1 3 • In  Run  13  fhe  number  of  4.2in  mortar  tuber,  in  thf^ 
firing;  unit  was  chan{  eJ  from  4 to  5* 

After  Run  13  th<^  number  of  4.2in  mortar  tubes  was  reset  to  4. 

Run  l4.  In  loan  l4  the  number  of  105mm  howitzers  in  the 
firinc,  unit  was  chan^-'ea  from  6 to  7. 

After  Run  l4  the  number  of  105mm  howitzers  was  reset  to  6. 

Run  1 5 . In  Hun  10  the  number  of  I55™m  howitzers  in  the 
firin£^  unit  was  changed  j'rorn  6 to  7 • 

Run  l6.  In  Run  l6  the  number  of  60min  mortar  tubes  was 
changed  from  3 to  4,  the  number  of  8lmm  mortar  tubes  was  chan,  e'l 
from  3 lo  4,  the  number  of  4.2in  mortar  tubes  was  changed  from  4 
to  5.  the  number  of  1 05nm  howitzers  was  changed  from  6 to  7.  aii  1 
the  number  of  155ram  howitzers  was  left  unchang.ed  (ax  7).  In  otler 
words,  the  number  of  Lubes  in  each  firing  unit  was  increased  by 
one  from  its  value  in  Run  1 . 
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Run  IV’  pertain;;  In  the  model  oI  Appendix  G, 


ar^e  Area  Gmckr 


■ ode  1 . 

Run  17  • In  Ku;i  17  tiie  base  case  situations  of  Run  1,  ab^ve, 
were  applied  to  the  eiiiployment  means  of  smoke  fenerators  and  smoJ'e 
pots.  It  was  frit  that  one  such  run  should  be  sufficient  for  the 
comprm  ison  desired  between  smoke  screen  employment  costs  of  indirect 
fire  means  and  smoke  screen  employment  costs  of  large  area  means. 


2!) 


Chapter  IV 

Analysis  of  Model  Output 


A . General 

The  following  weather  coding  will  be  used,  for  brevity,  in 
this  chapter. 

W1  - lapse  conditions,  5 knot  wind 
W2  - neutral  conditions,  5 knot  wind 
- neutral  conditions,  10  knot  wind 
W4  - neutral  conditions,  15  knot  wind 
W5  - inversion  conditions,  5 knot  wind 

Also  for  brevity,  the  terms  1st,  2nd,  and  3d  will  be  used 
to  denote  the  least  cost  (cost  effective),  next  expensive,  and 
third  next  expensive  of  the  weapon  systems,  respectively,  that 
can  support  the  smoke  mission(s)  of  interest. 

B . Indirect  Fire  Results 

The  analysis  of  Runs  1 through  11  will  be  presented  in  two 
parts.  In  Part  1,  general  comments  on  trends  will  be  presented. 

In  Part  2,  a set  of  composite  matrices  (compiled  from  Runs  1 
through  11 ) will  be  presented,  showing  cost  effective  preferences 
(1st,  2nd,  3d)  of  weapon  systems  for  all  combinations  of 
parameters  varied  in  this  paper.  (See  Chapter  III  for  a discussion 
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ol  paranieLric  variation  in  each  run  of  the  Indirect  Fire  Kodel.) 

Part  1 . A f^eneral  pattern  became  evident  from  the  statistics 
produced  in  Runs  1 through  11.  The  pattern  was  that  for  W1 , W3. 
and  W5  the  155'^ni  hC  was  cost  effective  (least  expensive);  for  ,J2 
and  W4  t.ie  105mm  HC  was  cost  effective.  Where  the  ilC  was 

cost  effective,  or  1st,  the  105mm  HC  was  2nd,  and  vice  versa. 

Where  it  could  support  the  smoke  mission,  the  8lmm  WF  was  usually 
3d;  where  the  8lram  WP  could  not  support  the  smoke  mission,  the 
4.2in  WP  was  3d.  Although  the  60mm  WP  was  not  a serious  challenger 
for  1st,  2nd,  or  3d  choice  under  cost  effective  criteria,  there 
were  some  situations  where  the  60mm  WP  could  produce  the  desired 
smoke  screen.  These  situations  were  generally  in  W5i  for  a sheaf 
width  of  200  meters,  and  for  a screen  duration  of  20  minutes  or 
less . 

As  a basis  for  comparison  with  subsequent  outcomes,  the 
results  of  the  base  run,  or  Run  1,  are  presented  in  Table  3*  The 
deceptively  low  values  for  the  60mm  WP,  8lmm  WP,  and  4.2in  WP 
systems  are  the  result  of  those  systems'  inability  to  support,  the 
smoke  missions  of  wider  sheaf  widths  and/or  longer  screen 
durations.  Hence,  these  more  expensive  missions  were  not  included 
in  the  averaging  calculations  for  those  systems.  This  omission 
reduced  those  systems*  average  costs  and  average  numbers  of  rounds 
required.  Of  the  mortar  systems,  the  ability  to  support  the  smoke 
missions  was,  in  descending  order  of  ability,  the  4.2in  WP,  8lmm 
WP,  and  60ram  WP.  In  Table  3,  costs  are  in  dollars. 
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ij  y s 

6omm  ':i  i 
8 1mm  V/P 
4.2in  './P 
1 O^mm  ,Ji‘ 
105mm  HC 
135mm  WP 
155mm  liC 


Cost  (Averare) 
17^.79 

1 864.50 
4126.86 
3061  .13 

1240.85 

2047.51 

990.47 


Hounds  (Averare) 

9.05 
72.97 
B3.3O 
82 .89 
33.60 
29.43 
14.24 


Table  3 
Hun  1 AveraiP;es 


Equally  weighting  the  outcomes  of  Runs  2 through  10  produced 
the  average  values  displayed  in  Table  4.  Run  1 was  excluded  in 
the  averaging  since  its  situations  are  repeated  in  the  other  runs. 
The  same  comment  on  deceptively  low  values  for  mortar  systems 
made  for  Table  3 applies  to  Table  4.  In  Table  4,  costs  are  jn 
dollars . 


System 

Cost  (Averafe) 

Rounds  (Avera/  e'; 

60mm  w'r 

232.95 

iIto^ — ^ 

8 1mm  WP 

2494.65 

133.40 

4.2in  WP 

7888.99 

159.24 

1 05mm  WP 

6337.86 

171 .62 

105mm  HG 

4040.53 

109.41 

155mm  WP 

5596.87 

80.44 

155mm  HC 

3027.55 

^3.51 

Table  4 

System  Averages 

By  adding  another  60mm  mortar  tube  to  the  firing  unit  (in 
Run  11),  the  60mm  <i\IP  system  could  support  only  12.47»  of  the 


smoke 


1 

missions.  These  supported  missions  were  primarily  in  W5.  with  a 
few  in  the  other  weather  conditions,  and  virtually  all  at  200 

meter  sheaf  width.  The  60ram  WP  did  not  qualify  for  any  cost  j 

effective  ranking  (1st,  2nd,  or  3d). 

3y  adding  another  8lmm  mortar  tube  to  the  firing  unit  (in 
Run  12),  the  8lmm  WP  system  could  support  24  additional  missions. 

In  those  situations,  it  qualified  for  3d  cost  effective  system, 
over  the  4.2in  WP.  The  distribution  of  those  24  additional 

situa-^ions  is  displayed  in  Table  5*  The  heading  "ACS"  denotes  . 

Average  Cost  Savings.  Prior  to  adding  the  additional  8lmm  mortar 

tube,  the  4.2in  WP  system  was  3d  cost  effective.  By  adding  the 

tube,  the  8lmm  WP  system  became  3d  cost  effective  at  a reduced 

cost.  The  reduction  was  averaged  over  the  screen  duration  timer 

(same  sheaf  width  and  weather  conditions)  and  is  displayed  as  ACS. 

The  2119*33  ACS  value  bears  comment.  There  was  no  savings 
generated  here,  since  there  was  previously  no  3d  cost  effective 
system.  Hence,  the  additional  tube  enabled  the  8lram  WF  system  to 
provide  a heretofore  unavailable  3d  cost  effective  choice  for  those 
three  situations.  The  ACS  value  is,  therefore,  tne  cost  of  the 
system  averaged  over  the  screen  duration  times,  in  this  case.  In 
Table  5.  sheaf  widths  are  in  meters,  screen  durations  are  in 
minutes,  and  ACS's  are  in  dollars. 
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1 reque nev 

Snoaf  idth 

.’.eathcr 

Scree; 

1 .duration 

.dJS 

4 

TToo 

F«1 

5 

2 05. -19 

4 

600 

w'l 

1 

— ‘4- 

274.45 

5 

300 

43 

f 

-10 

4330. 51 

1 

cOO 

.V4 

0. 

39r'0. 19 

4 

800 

,/4 

0 

1 

-10 

21  19.3' 

1000 

-.3 

4 

- 6 

3761 .7: 

3 

1 000 

W4 

5 

_ 7 

5600.1  ' 

lable  ‘j 

Run  12  Exceptions 


By  addini  another  4.2in  mortar  tube  to  the  firiny  unit  (in 
Ri  .1  13)  F the  4.2in  /i/'H  system  "ould  support  13  additional  smoke 
ii.issions.  this  result  provided  a heretofore  unavailable  3d  cost 
effective  choice  for  those  13  situations.  Ih.e  distribution  of 
those  13  additional  sit\iations  is  displayed  in  Table  6.  Ihe  tenn 
.hC3  does  not  apply  here.  In  Table  6,  sheaf  widths  are  in  meters, 
screen  durations  are  in  minutes,  and  average  costs  arc  in  dollars. 


frequenc 

Sheaf  .iidth 

4ea  trier 

Screen 

Juration 

A VP  Cost 

c 

800 

41 

9 

-10 

150  . . h': 

3 

800 

0 

t,.- 

-10 

1223-: . 

3 

1000 

41 

( 

- 9 

1 3902  . V-. 

2 

1000 

43 

9 

-10 

1 5340 . .',c 

3 

1000 

44 

-10 

16001  .+2 

Table  6 

Run  13  iixceptlons 


The  adaition  of  another  105mm  howitzer  (in  Run  l4)  or 
another  l55mm  howitzer  (in  Run  15)  to  their  respective  firln;  units 
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prou'-icea  r:o  cnaU'  c-  in  ouCcomfi  fror;.  tlic  base  r'un  ( .-.un  l). 


;.iic  addition  oi  an  appropriate  tune  or  hov/i  t oer  to  the 
respective  i'irin,;_,  unit  (in  Run  16)  proauccd  33  caanres  in  outc" 
from  the  base  run.  i'he  distribution  of  these  changes  is  displa.ves 
in  iable  ?•  ihe  same  definition  of  ACb  (Irori  Table  5)  applies. 


The  numbered 

comments  explain  specific 

line  entries 

. In  Table 

7, 

sheaf  widths 

are  in  meters 

, screen  durations  are  in 

minutes,  a 

nd 

ACS ' s are  in 

dollars.  The 

term  "C.'Ti  " 

denotes  comment. 

freauenev  S 

heaf  Aidth  i 

•leather  Screen  juration 

ACS 

-•t.  .. 

J , 

*Y 

iToo 

iVl 

5 - ' ■ 

205.49 

4 

600 

W1 

1 - 4 

274.46 

1 

2 

300 

hi 

9 -10 

15066.36 

2 

5 

300 

h3 

6 -10 

4330.51 

1 

1 

800 

h4 

( 

39®  c . 

•■3 

3 

800 

8 -10 

6395.40 

3 

1000 

Wl 

7-9 

15902. 3-' 

2 

3 

1000 

-V3 

4-6 

3761 . 72 

1 

2 

1000 

h 3 

9 -10 

15549. 50 

2 

3 

1 000 

<V4 

5-7 

5600.19 

1 

3 

1000 

W4 

8 -10 

16001 .42 

2 

Table  7 

Run 

l6  Exceptions 

Comment 

; 1 . In  these 

situation.. 

the  8lmm  hh  s 

ystem  quali 

fled 

for  3d  cost  effective  choice  over  the  previous  (in  Run  l)  3d 


choice,  the  4.2in  iV?  system. 

Comment  2.  In  these  situations  the  4.2in  u’f  system  qualified 


for  3d  cost  effective  choice  where  previously  (in  Run  l)  there  was 
no  3d  choice.  As  a result,  the  respective  ACS  value  is  actualiy 


avera  e coat  of  the  ne;v  j.d  choice.  .he  avera;  in  , calcuiatio;- 
penormea,  like  the  aCJ  calculation  as  defined,  over  the 
lusive  screen  duratioiis. 

dotunent  3.  In  tiiis  situation  the  dlrarn  dP  syslc-ifi  (jualiidc'^ 

■ "3a  cost  effective  choice  over  the  previous  (in  Hun  l)  ;jd 
)ice,  the  105mm  Jr  system. 

Cornnent  4.  In  tuis  situation  the  Slmm  JF  system  qualifici 
r 3d  cost  effective  choice  v/here  previously  (in  dun  l)  there  was 
3d  choice.  As  a result,  the  respective  ACS  value  is  actually 
B average  cost  of  the  new  3d  choice.  I'he  averap'in^  calculation 
s,  like  the  ACS  calculation  as  defined,  over  the  inclusive 
reen  durations. 

Part  2 . Iht  t!is*teral  trends  discussed  earlier  were  sirnif'- 
ntly  influenced  by  the  parameters  varied,  for  clarity  of  cisrla:. 
e cost  effective  choices  will  be  presented  in  a series  of  5 
Dies,  one  table  corresponding,  to  each  v/eather  condition  as 
ded  in  parapraph  A of  this  chapter.  Only  sheaf  width  and 
reen  duration  combinations  that  v/cre  run  in  the  model  will  • 
own  in  the  tables.  Thus,  blanks  indicate  that  the  combina";  ■ 
s not  run.  The  entries  in  the  tables  were  the  result  of  tlu-; 
uristic  search  procedure  used.  The  purpose  was  to  pi-oduce  • 
nite  number  of  data  points  which  is  lar;  c enou,' h to  be 
presentative , yet  smal.l  enough  to  be  tractable. 
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.no  i'cxi  o.vin,  coui;',  upplieo  to  .onlc::  '.'.re  . ; . . . 

coues  npcoii'y  the  aojjropriate  sr;cji.;oi.co  of  coot  o ! I <.‘0 1 ■ v.  rnoi'.-': 
1st,  Ziid,  and  3d,  iri  that  order,  as  appli oaoie . 


ri 

- 135miii 

!iC  , 

105mm  j.C 

-Imm  ... 

.It 

- 10  fm.m 

1 

I35rfi;n  iiC 

8 Kin 

- 1 55ii»n 

iiC, 

103mm  hC, 

5. 2 in  jJi 

J 

- 10 3mm 

id: , 

8 1mm  JP, 

1 55mm  iiC 

- 1 3 3mm 

iiC , 

105mm  nC 

- 103mm 

HC, 

I55nim  HC 

0 

- I55riini 

’ j 

rio  , 

105mm  iiC 

I 0 5mm  ,V  t ' 

ii 

- ] 03mm 

..c. 

155mm  h'C 

1 55mrn  HP 

I 

j. 

- 1 5 3inifi 

nC , 

105mm  iiC 

1 55mm  >11' I- 

tj 

- 1 05mrr. 

tie, 

155mm  HC 

4. 2 in  HP 

K 

- ‘Umm  j 

-’2. 

105mm  HC, 

1 55mm  };C 

- 1 33nira 

1'' 

81  mm  ;Ji', 

I05rrim  HC 

— - 1.  mrn  t » 

1 55mm  ilC , 

; 0 5mm  ilC 

. 

- 10  5m.m 

HC. 

Blmm  WP, 

4 . 2 in  HP 

r’or  dadlos  8 throiiph  12,  sheaf  ’widths  ar'e  in  rr.etei’s  and 
screen  durations  are  in  minutes. 


io  'use  iables  3 through  12,  first  select  the  proper  table  to 
correspond  to  prevailinp  weather  conditions,  l.oxt,  select  th" 
proper  row  arid  column  of  the  matrix  to  ap.rec  with  the  desir-co 
screen  width  and  duration,  I'espcctiveiy . The  appropriate  cirt 
effective  choice  sequence  code  lies  at  the  Intersection.  ■ 
example,  let  us  assume  prevailin.  conditions  of  ,.’1;  hensc  '.rill-, 
applies.  dor  a sheaf  widtri  of  200  i,-.,  tern  and  a sci'oen  duro.tio; 
of  10  minute.s,  codiny  sequence  .1  is  indicated.  Ihis  sequence 
means  that,  applying  co.s  t effective  criteria,  tf.c  tactical 
commander  should  use  1 30,  lOiiiam  nO,  or  P'lmm  in  troit 

oraer,  to  produce  the  desired  smoke  screen,  'i  he  costs  for  this 


0 . Af;cordin  ly,  i 1’  'riov.d  i zorc.  nr''-  !•.<■■■  (;:.plo.v- 

1 C 'cO-.-.'i  t. /.•■;•  rr  ;;upi)orl  tiuj  liiisGiou,  li.o  , ro:-,-,  ’ 

by  , wh.icli  ir  appro x Iija le ly  i!)  o!'  l.l  1 ,;or,  . 

bolh  types  o i'  r.ov/l  Lz-'rs  aro  not  onnloyed  and  In’".  I'lOr  l.a  rs  sj;  ■ • 
the  mission,  the  screen  cost  is  incr-oased  by  ■•valch  ' 

approximately  2-4 5/“  oi'  the  I35i™  hC  cost.  tor  a siieaf  wid^n  o‘ 

500  meters  and  a screen  '•iuration  ol  12  minutes,  trier-e  is  no  c. 
in  lable  S,  .since  that  combination  was  .not  run  in  the  r'.ode'!  . 
by  f.  easonable  consideration  of  the  nei;;nborin,  codiny  sequences 
a local  pattern  may  be  subjectively  constructed.  In  this  c.ase  of 
500  meters  and  12  minutes  in  *1,  the  local  pattern  suprests  coci; 
sequence  C.  Thus,  in  cases  where  objective  results  wore  not 
derived  from  the  model,  subjective  [pattern  construe  tio;i  nay  Is 
used  to  obtaiti  codin,  sequences  with  trio  "best"  accuracy  a.nc 
reliability  available. 
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C . l.ai\.G  nrea  Snojic  Kesultc 

ror  comparison,  lar*  e a.rca  smoko  einpio;'iiicnt  means,  sncii  or 
smoke  pots  and  smoke  r;enerators,  :ierc  applied  (:n  Icun  !>')  to  t' 

250  situations  comprisin  , the  base  x’un  (nun  1).  doth  e.mploy.cri  t 
means  could  support  all  smoko  missions;  to  increase  the  size  of  n 
smoke  screen  employed  by  smoke  nenerators  or  smoke  pots,  the 
operator  merely  adds  another  device.  Unlike  the  indirect  fire 
means,  then,  there  is  no  constraint  as  restrictive  as  a maximum 
rate  fire.  The  applicable  constraint  to  larpc  area  smoke 
employment  means  is  the  number  of  devices  available.  For  purposes 
of  the  model,  the  number  of  devices  that  v/ere  available  by  fCl.  v;es 
sufficiently  large  to  support  all  Run  1 smoke  missions  easily. 

Ihe  results  of  Run  17  v/ere  averaged  over  all  25(1  situations  anc 
are  displayed  in  Table  13*  In  every  situation  the  employment  cost 
by  smoke  generators  v/as  less  than  that  by  smoke  pots.  In  genera], 
it  can  be  seen  from  Table  13  that  the  average  cost  and  avera-  e 
number  of  devices  required  by  smoke  generators  v/cre  sign! ‘‘i  cun  1 1 y 
less  than  the  same  factors  required  by  smoke  pots.  The  reade-'  s 
reminded  that,  in  the  context  of  this  paper,  tlic  term  "cost" 
includes  materiel  that  is  consumed,  only.  Tlie  smoke  pots  are 
totally  consumed  in  use,  the  smoke  f;enerators  consume  only  fuel. 

In  Table  13.  costs  are  in  dollars. 
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Chapur  / 
jonn'lu:?io:a:. 

An  a rosMll  of  the  ciiscunnion  : r.  Li.-  (ircvioa.s  chaa  I'.- ; r: , 
par ticaiar  emphasis  on  the  assuinptions  l.O.hnpter  I),  nr.  v.-oll  ar  •. 
measure  oi'  elTcctivenesr.  and  nature  of  the  moaeis  (Chapter  :i), 
the  conclusions  from  this  study  effori  are  as  follcv.'s. 

Ihe  followinf-:  weather  codin.p  will  be  used,  for  brtvity. 

A1  - lapse  condition.^,  knot  wind 
,i2  - neutral  conditions,  5 knot  v.n  nd 
A 3 - neutral  conditions,  10  knot  wind 
.'j4  - neutral  conditions,  1 (,■  knot  wind 
" inversion  conditions,  3 knot  vind 

1 . Significant  cost  savirif;s  may  be  attair.ea  by  en.ployi;-. 
cost  efi'ective  criteria  to  smoke  screen  employment  means.  abj^'  •> 
sufpests  that  these  savings  not  only  arc  in  co.sts,  tut  also 
be  in  the  number  of  rounds  requirea  by  find  resupplied  to  tru. 
firing,  unit. 

2.  Ihe  .savin!  3 obtained  by  cost  effective  criteria 
function  of  weather  conditions,  sheat  width  and  screen  dura r ist. . 

3-  iiasic  loads  and  ammunition  supply  rates  ar:  ly 

inl'luenced  by  anticipated  expenditure  of  ammuniticr  . ,hus,  *i 


I 


rosult:',  or  t.-.Ls  -A'i’ort  i.iixy , .vi  t:i  .j.idicio.r  lactlc-r,! 

iiiticLpation,  be  to  nlar.  ba.p:ic  loovio  oi  r/r.oke  nr.r-iUj.i  t or 

ana  decrease  re.qairon  anoke  annu  ti  t i or:  expea  ii.  t:  ■ r’e  aari  /"I'r.i  pr  1 y 
duriny  battle. 

а.  Josr.  offcctlve  savinys  tay  bo  obtained  .v"  ta  rainiaa  i. 
elTort  by  the  tactical  commander  iri  hie  planninr:  and  execution  c ■' 
the  battle.  Cost  effective  a,pplication  can  iie  easily  inciuaeo  in 
plannin,  for  the  active  defense. 

y.  In  yeneral,  artillery  hC  systems  are  cost  efj'ectivr 
over  rr.ortar  ur  systems. 

б.  I he  cost  effective  pattern  between  the  artillery  ..C 

systems  varies  as  a function  oJ’  weather  conditions,  sheaf  ■/■•luV-. 
ana  screen  duration,  for  dl  , .yn  and  .■;'5  the  l^^nxrri  KC  was  cost 
effective:  i'or  W?.  ana  /.4  the  l Oymn  iiC  was  cost  effective.  ,Vhe'i 
the  \ hC  was  the  1st  cost  efi'ectivo  choice,  the  105mm  .•/■;- 

2nd,  and  vice  versa. 

7.  uue  to  the  complex  nature  of  t'ne  cost  effective  :\an  •:en, 
an  expedierit  methoa  of  applying  the  cost  effective  cri+eri  - 
reference  to  fables  d throu,  h IZy  as  appropriate  for  th<-' 
prevailin.  weather  conditions. 


,<r  £:yste’^..9  nm  net,  corripc  t i live  ,vi  t!‘.  hiy ;;  lo’''!."  • 

f;oot  el'i'ocLive  cri  t prla  . r,CNCver,  if  Ip  ■i0osi>l'  - r.a  f !■■<'■ 
rcGuitr;  of  tViiE  ptu  ly  coala  be  si  ni  fi cor:  tl y ol'cr;  -I  , y :-.t 


Improved 

■ it-  system  or  a n 

,cw  lie  system. 

rurticuiarly  amor:  th'- 

dlmm  ana 

4. 2 in  mortars  a 

new  .iC  system  :■ 

i.ay  prove  part,!  cu  1 nr- 1 .■ 

frui tful 

in  roapin,  cost 

savings . 

9.  Die  60m:n  A'r  system  is  not  b.  cost  effective  cm;)l  oy'meat 
means  for  smoke  screens.  Hov/ever,  it  can  produce  a few  smoke 
screens  in  Voi  with  a sheaf  width  of  200  meters  or  loss  and  for 
a screen  duration  of  20  minutes  or  less. 

10.  An  additional  tube  in  the  60mm  mo'"tar  fi  rin?'  uni'  .voc^o 
enable  the  unit  to  support  only  a few  more  smeke  m.i  ssi 0:1s . 

11.  An  additional  tube  in  the  Slmm  mortar  fir'iny  anil  v/ouid 
produce  a nev/  3d  cost  effective  choice  (over  the  Tjrovio'.;s  4.  fir; 
;it)  at  considerable  savings.  If  the  4.2in  mortar  is  prasea  c- 

of  u.d.  Army  units,  an  additional  Blnim  mortar  tube  could  be 
significant.  The  addition  would  result  in  a 3d  cost  cffectiv-' 
choice.  If  the  available  howitzer  firinf  units  were  saturat’  a by 
anti-personnel  missions  and  countor-lattery  fire,  the  aadiDcnai 
Slmm  mortar  tube  would  enable  tiie  firin.'  unit  to  supnorl  :he 
smoke  mission. 
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aaaitio'.ai  tube  in  the 


n .iicrtar 


'.voul...  produce  a '}cl  cost  arfoctive  ciioi co  in  onl.v  a 
if  tbfc  avaiiaile  ho*vitzcr  firin’  units  v;erc  satura 
anti-personnel  nissiot\s  and  counter-battery  iir-“, 
t.Zin  niortar  tube  ’would  enable  the  firinp  uni  I to 


i'j  riu.  uni’. 

i'nV.  si!. nil  if' 
Ion  by 

ti;c  '-lanitic! 
suppor’l  Ihf 


snoke  .mission. 


13*  ih<i  addition  of  another  105m:a  ho’/vi  CZ'cr  or  another 
1 howitzer  to  theii'  respective  firirp  units  would  produce 
chan,  e in  cost  effective  outcome.  .;ith  respect  to  cost  cffecti 
criteria,  current  105mm  and  iSpirmi  howitzer  batteries  tables  c 
Crj.anization  and  xiouipment  are  optimal. 


14.  Smoke  generators  are  cost  effective  over  sirioke  pors 
a considerable  degree. 


15*  omoke  generators  and  smoke  pots  are  cost  effec:tivr  o 
indirect  fire  empioiment  means  to  a consi  dera'ole  derreo. 

oone  of  the  above  conclusions  are  considered  intuitive..:' 
obvious  by  many  personnel  experienced  in  smoke  screen  emplcy-':’  • 
Ko’wever,  this  study  has  provided  some  quantitative  basis  foi-  s ; 
qualitative  opinion;  in  this  writer's  opinion,  this  result  alon 
was  worth  the  study  effort. 


CKp,pl>?r-  I 
■:cco!>incn J;:  1. i m'..; 


In  vlev.-  oi  the  preceedinf  i'ive  chaplers,  the  r;oj'imen:.nirvi 
nodelirif'  effort,  and  nuhsequent  analys^is,  the  :oILov/in 
recoKiaendationn  are  nade , relative  to  t'ne  hypothetical  a.pj'lica  i: o-' 
as  described. 


1.  Ihat  cost  effective  criteria  be  applied  to  smoke  screen 
emplo^, raent  means  whenever  pennittea  by  the  tactical  situation. 

2.  lhat  cost  effective  criteria  be  applied  in  ti;e  plannin 
of  basic  loads  of  smo.ke  ammunition. 

3.  'idiat  fables  3 through  1 2 be  included  in  .n-i  101 -1C-'  , 
"Staff  Officer's  Field  Fuanual;  Organizational,  I echnical  and 
Lo^.istic  data  (’unclassified  data),"  for  expeditious  application 
of  cost  effective  criteria. 

d.  That  howitzer  and  mortar  Tables  of  Orpaniza lion  anu 
Equipment  retain  their  current  configurations. 

That  vigorous  experimentation  bo  conductou  to  pruiico 
8lmm  and  d.2in  mortar  hC  smoke  projectiles,  or  the  enuivnlr n t . 


A rmy 


6.  That,  if  the  h.Zin  mortar  is  deleted  froi'’.  j.S.  Army 
combat  divisions,  consideration  be  > iven  to  an  8lnm  nortar  firir.r 
unit  of  4 tubes. 


7.  That  lar£;e  area  smoke  employment  means,  such  as  srnok^. 
pots  and  smoke  generators,  be  incorpoi'ated  into  b.S.  Army  unit 
field  training  for  cost  effectiveness  and  for  familiarization  by 
military  personnel. 


3.  That  the  areas  for  further  study,  such  as  (a)  optimal 
employment  criteria  for  tactical  success  and  (b)  calculations 
described  in  Conclusion  4,  be  undertaken  as  follow-on  to  this 
study  effort. 
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Appendix  A 
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Computer  Prot.ram  Listing;  Indirect  Pire  Smoke  I'iodel 


iAHiiJLlt,  l I ,-u  lT.^aT  , J.vt;  i . f A^cE -Z'iiu  i ) 

kNSIOj  i(7,-),C(7),'--<('^),jl(l'  )• 

1 TTt  (S»S«  10)  .TC^  L : ) .TCS  ( T.  1-')  . TCE)  ( A , 5 aij__  ..  _ 

1 TC  7 ( ^ , 1 •' ) . T C - < . 1 ^ C ( ^ y » i-  -J  ( 7 ) 

1 < T t7  ] ( « 'A  . < z J.t^J.rLC  1 •--PVi-)  •Tr<4(S*5»lC)  • 

r* 

C = .,mT- 

c c=C')<^T  P'p  ■v‘\r^rji 

C *^^T^-lXt  I>i 

c.  _iii=Tiy£_cu'^iTi!i'i  AAi  -iJL  j -i:i_ijdi!Jii:A  . 

C TO  ,Tr:?.TC''«T-''>,Tr.-,TCfi,TC7  = C (ST  .''Al(JTCnS  PEP  wE*°ON  SYSTE'^ 

o „Cl=j_'^p£r.x_  £ _ --  . ^ 

r rP  = MriJT‘</'L  ♦ --  XMUT  Wl  lO 

i: C'>  = M- 'JTrxai  , I .i  tMQT  ^ONJ ^ - . 

C C4=  JT '/TP'i.L  , 1 -,  <M(,‘T 

C . ..  CS=  I- !VLr>  1 Jj-^knOT  'jsLl^iL'  _-.  _ - - 

C TI=0T(I).  yp"  Tlf^t,  iMTFi^vaL  ftlT-iI  i I.  dPT 

r \=.SH_(  lLA-Xbt£-StlL,M-:  .11 1 uT.n_  ii!lI-PIil  A.LjgF  — 

C PC  = C'(ST  or  OOMM,,,  v'ITiTm  ^ L 'Jp 

r P-i=/’/:2y  i,r  f-iiiJiA-. O A3 C.  An — :i£ — F J nK  1,1 — £d-^-  WF  aP-Ui^  ) :;^_U_u  « i j .'■ 

C :-^AFCN3  FIRZDLJ  1 

C TNf=T'jTAL  x'liMAEf'  i'£  P'.ci\)S  n'*'-.Cci  O SE^'E-tn' 

C IH-M=TI1TAL  ;'lU.=lci£P  af--a:.ursUtS-  ■Ltr.SiJ -.  ro  : '.A  1 T A I .'J  SCSoEN  Phi, 

C ru  = F[PI'JO  PATc*  ! i K.uivds  °i  >'  ( ) ir  nThS  HnT-'EE.’''  RappAocs 

C-  . CALC(TM£-.Tf^.-fciM_.Tl.PC,FH.x.>;.M,I.j  y.  ICd)  . 

C =EU8PjHTr.h  T)  CPtCi<  rP  Av)  ''-\|fm_Arr  TVJW  AMO  TCO 

r »'=TM0FX  r,,^  «-&A.(.y  SYsTht,' 

C M=lMnrx  ■.(•arH-lP  r)OlMTI0N 

t niR=I^lAL.f'  j‘'ji£-l  QE.l-iuUKDb  KEdL'lK^Eij  F(jP  SCREEN 

C TrO  = T'.'TnL  r.(vT  c-'iQ  '.jr 

L . . 

PForjo  s 

X. REAJl.LN  OAlri 

DO  If  1=1,7 

READ{5,3'3)  ( A ( i , j)  , j=  l ,S J 

PPINT  tC,A(I,n,a(»,P),A(|,0).i(I,‘4)o(I.‘-) 

_“C  F,)PMAT  (5E1  A.S) 

10  COMTU'iiE 

PrAD(S.3I)  (C(n,T  = >,7) 

Pp  I NT  31  . C ( 1 ) . o ( ? ) , r ( t ) . c ( a ) , C ( S ) , r ( t ) , C ( 7 ) 

__  31  FOR'-'AT  (7ri.-,,->) 

PFflO(S,3P)  (Si- (I  ) . i = l ,-:■  ) 

PR  IMT  3-?*^R(  1 ) ,5-i(P) 
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;-)  o o r") 


r 


BcSI 

.•c  ^iiP'^AT(1Xs“>i'i  . ) 

}>  Ani’^,-<3)  ( -M  1 ) 1 1 = 1 , !<') 

yi  * ' X r > ' i ■ 

r' 

W 

r* 

V 

/«k 

r 

n.  ( M ( ' ) . 1 - J , 1 '•  ) 
^ F')J''AT(Us  »'-s.;.) 
COV!->mTF  cn-SFb 
Ci  = L 'F;*  'T  ,1  mO 

C^  = JFiiyPAL,  ^ ^ ^V>T  si  NO 
C3  = \FiJTPAL.  U«  KMbT  .'lx.) 

c 

c 

Cu.  = Nb'llTPAL,  1-  sl-'.io 

C^.  = I 'iVt-'PSir.  ■,  - -<  >I'T  sT  iH 

,00  - t ! = J , If. 
P.'I  K = l»-^ 

TI=^»T  (L) 
X^<;h  ( o 

Vs, 

60  mo^tap 

c 

^C=C ( ! ) 

c 

N=1 

Cn’'^Pi)TF  t.'AX  c-jct 

IF(T!.LF.  1.)  r.'M=5.'l, 

IFdl.ST.  1.)  ^■^=3'’.  ♦ «.->(T!-i.) 

c 

Cl  .___  _ __ 

M=1 

Tfj"=.l»X  * 

TNM=.5p»x 

F.'>  = A l.ltMl  

Call  calc ( i •kc%F'^*x *.4* 

TCI (<^M*L) =TCU 

, TCf) ) 

c_ 

T*^l  (K«,’^*L)— T*V" 

_C2 .__  _._  . 

•-1=? 

T 'j'^=  . 1 *X  ♦ !*  , 
F o=t  (^  ,M) 

Call  CALC(INL»TN^»vv(,Ti,Hr,rK,Xs'U'^s 
TCI  0<,M.L)=TC  I 

T’-'sTC'') 

TJl  (<,w,L)  =T  xj-s 

C3  __  

M=1 

TjP  = .*p5*x  ♦ M. 

T K "^ = T ^.'  r 

r P=A (%,M) 

Call  calc  ( TMF  . T*'' , t T ,RC  , F P » a s ;-i , -i « 
Tri  (k,m«L) =tc  ) 

Tf'F  . TC  (») 

c 

TPl  (K  .M*L  ) =Tn.’ 
C4 

M=-f 

Tmc  = 


rf\  ■ 

LU'i 


f 
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I r ( T I . I . F . 1 , ) ^ ■’  y , 

Ir(TI.r,T.  U) 


C C 1 ~ 

fi 

- - Y7:^=^wb»x'  + 1 ^ ' I 

Tr.iv<=r‘-'C _ _ [i 

F 'J  = 1 ( f I , ■'^  ) 

C'^iLL  r/iLC  ( T I , VC  . .1  , s Tf . T f ' ) | 

T I ■ ^ ( K , V « L ) - T C i.’ 


T ??  (<,M,L)  ;=T(V 


C CP 


IF  ( » - 1 . * ' 

IF(X.r,j.  •'+00.)  T\P=.jP->X  * 1. 

If'  ( tCT  , 4^  C;  . ) T i.'v=  T jF 

FU'  = a (f  , V) 

-C.-  LL — CALCLnit^!.  TA  s>^C  * F r » A » )»'•’»  T ^^  , jr  . ) ) 

TC^  (K  ...i,L)  =TC.  > 


X 


T-.r=.\ 



r.y=.J  (•  .*") 

CALL  rALC(r^  •,-■.[ 
T ■-  5 ( K , , L ) = r r . , 

T ( *<  * 1 L ) = T \ 


T I , fv  ' 


Ir  ( > .L!^  ) T >-.»X  - 1. 

I ( \ . LL  • ~ J • ) T = r I'j c. 

I- ( X .sr.Ai ' . ) T\'-=,'>^'>x  + I. 

(X.r,  ) TV'.v,=  |,,a 

r -<'  = A ( r , w ) 

Call  r aLC  ( . T M"' » - ^ , t [ , k.'' « Tiv  . x_ 


rr?  (K.’vt.L)  = TC.' 

T^?(k  ,-i.L)  =TN~ 


4.5  I ^CH  mO^TAP 


c 


PC  = <~  ( ~1 ) 

■ i=l 


CQMPllTF  M4X 

A r ' 

( TI  .Lt.x..  ) 

■'4  = ',  ». 

I P ( T I , Lf-' . - . ) 

- '1  = “)  4 , 

IP (TI .LF.4. ) 

r U'-'  ^ 

IP (TI .l£.5.  ) 

'4=1'-^ 

IP  (f  I .(.P.5.  ) 

• 

N 

ii 

IP (TI  ,l£  . ’ . ) 

IP(TI.r,T.  •..) 

♦ <.<;■(  TI-" 

^ -!  = 4?  rvi  4 , 

Cl 

-1=1 

T*i=.  -137C»X 
T T i-.c  * * • 

- . 7^ 

FP  = A Ci.w) 

CALI  CALCdtlP. 

Tr  ? (K ,M,L ) =TC 

TpBIK.M^LI^Txj 

p 

o olo 


IF  ( X . C)  T • “ P F » 1 TM',=  • C‘ 36titL*>  ~ '+.'jc6ta7 
FV  = A 

C -VLL  CALC  I » T .N  ^ T 1 1 kC  « FK » A « ,ii  A » T 'lF: » TC  ' ) 

Tr3(A*''4«f_)='T^  I 



C C4 

M=u  ; 

K (x.L»--.ao j. ) = + A.  i 

lF(X.L'^.Art''.)  Tj\i^=T  ..F.OA.  I 

I ^' ( X . GT  . “i)  J . ) - <,  I 

IF  (X.GT«4*^C  . > TWvI=Ts(L«*F‘. 

r^=fl(rj.'X) 

Call  CALC  ITNc*  IN>'»''«fTljKC«'"P>x,Nj,y,T  'iK,TCO)  j 

TC3  (K  ,'A,L)  =IC'.i  I 

TP3  (<  =TN^  i 

cTs  I 

Mr  S 

TNE=.01S«V 

= A.  A.7i  _ _ 

?■  & = A ( M , M ) ! 

CALL  CALC(rN£»I'^'’tP^».Tl»KC»fK»x,Aj,-^,  IMP, TCU)  ] 

TC'J  (K  . x,L)  =TCu  ’ 

Tp3(k;.m,L)  =Tmp I 

l^i5  'XM  wP  I 

1 

‘^C=CA-:‘)  i 

N=i^ 

C COfx^'lTF  'xax  rjPF  _ 

(TI  .LF.  3.  ) t v«  = -,(). 

(T  I .&T.  A. ) i|'.,  .^__A.^J  ( r I-A.  ) 

PM  = W'4«^  , 

C Cl 

M=1 

T >JF  = « ' X ♦ \ , 

TMM=.;'S*X  +'~iu,‘  ' 

FP=A(\'.M)  _ 

CaLl  C ALC  ( ’’ML  » Ixim,  T I . P<"f  , k , \i,M,  T'.  -',  Trp) 

Tr^ (« ,M,L) =TC  L 

Tk^4(i<«M»L)=T''J-- 


C Cil 


r 


T- a (K ,y.L) 

1 

f 

c 

c 

t t * S i HP 

c 

•vC  A^'0  AL^rAi'V  C •''•-'MT  F| , 

rj-r (s<  _ 

^ r <" T < ’ / ' ’ • 

<J  L j 1 t\  i i'\i  V-  ^ I I 


LL  ♦ ’.L_i 

T*-'^('\<a^|  )zi'. 

t . f.  3 

M=  ? 

TMc  = .- 

T -iM=T 

F ■>='\  ('-,M) 

Cn-L  C4L  C ( 1 i'-  t •■»  V I . X f :'  . TC  ') 

T^^(*x«^A^L)=TC' 

T -f  ( K • VI  ^ L ) — "i  j 

_c 

* 

Tv.c=,  p-n  ♦ i. 


• If  ) 


r iv»=.  -^/svi-x 
( ■ ’ . x; ) _ 

”CM.L  cal^  ( r J 

T^t*  ( K .M.I,  ) = T 
T.>i  (K  .M,L  ) = T 


LL  ('  ALC  ( I'  it  • I M -I « vi , r [ , K 


1 

T'l£  = , 

T-iv  = 
F -)  = A 


CV^L  CALC  ( . 1 V A.  t T ] ,^r  ( ;K.tri  ) 

TC5.('x«M*L)=fC..'  . 

T { K * M ^ l_  ) “ T *-J  v> 

M “ p 

rF=  ♦ .7^  _ _ _ _ 


T^i'l  = Tr  f; 

C iLL  '~ALC  ( f . fxivi,>--v,  T I ,fjf  .A  ^ , A . - . Tr  ') 

r C ^ ( *v « M • L. ) = T C -J 

T-t  ( k ) = T'|F 


ggl  i 


T • = . \-'f  * I . 

T'  ^ = 

?■■'  = ''('  ,■'>) 

C"*LI  '• 

T"-~  (K  .-^.L  ) - ’'L.; 

r w ■>  ( K « • i_ ) - T 'j  ■ 


T'"^  = ,'t37^^x  ♦ 

T.MX!=Ti>"’ 

Fj-=u(f  ,M)  

C^iLl  C ^LC  ( T^'Jt  9 rx^'^*-X''fT  T 9 9 ^ 9 ^ 9 ' 9 ‘ ^ 9 9 T C ') ) 

T'S(K«m»l)  -TC'' 

T^^(k,  «M»L)  = ^ 'XJ* 


r j>-:  = . ■■■'Sox  i-  i. 

T,<|M  = T“'f 


f:^  = A ( ‘ j,*^)_ 

call  C4LC  ( TNt-  . TMvi,^m,  r T »h>~  X t'  ,Trn) 

TC=i  (K  .'XfL  ) - TC  ' 

TPF  (K  , ^1,L)  =TN"' 

C 

C 1 5 S '■*  “t  ' vP 


^c=r.  (H) 

,\i=<^ 

c "coMPiifp  Max  c'lPc  'vair- 


11^  (TI.lE'.I.) 

IF  (TI  .r,T.3.) 

■^vi  = ^,  + T1 

c 

Cl 

M=1 

TF  (X.!>-  .Fl'in.  ) 

T Nt;  = . X 

( X.LF.mA'-.  ) 

T\.<=rNjF  «•  T. 

n ( X ) 

ffvJr  T ,,)>•»  X + a , 

[F  ( X .3T  . h V . ) 

J_r\J  w = T \,  L . ♦ • 

r :>=A  (M.M)'" 
call  CALcn'it 

TTF  (<  , V(,L)  = TC 
T;VF  (K  .M,L)  =T'J 

1 1 
.) 

r 

:-A  - 5 

T 1- = . ! 1 8?  ;i:-X 

T 

- 9>- 

F kv  = ^ ( r, , w ) 

CALL  CALC  ( 7i^it « T \ -It  T j , fy_,  x_j2'Lj  ‘ ! aJLl' t'  J.  C.U  1 

(K  , -x,L  ) = Tr( 

T - ^ (X  ."-‘.L)  ^TM*- 


64 
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*>  A 

1 • ( X . %T  . . . ) 

) -j  ’•• = , . < 

^ < 

> y ♦ 

j ^ 

' > ‘ ) ► ■.  7 

r ..  = , V ) 

C'LL  C'iL'MI  . 

( \|  *.  , ■,  'A  9 

T i 

• -«' « « ^ 

r*  * A 

♦ • % 

T * . 

1 ■* 

t- 

M=  -4 

I^  ( X .L^ 1 ' . ) 

1 'i : = 7 . 

U ( X.(.>^  . .. ) 

T X »'  - T , 

!■"  >••*'•) 

■ 1' . ' . L ' 

« ^ 

. ) 

T ■L 

A - 

• . X . L ' 

. 

')  j . ) 

Ti  X 

= r ,\)F  <> 

'X. 

I'-  (X.  -,T.^'  '.  ) 

Tv-~  = .'.l 

X-^. 

If  ( X .'-,T.-S''  . ) 

T Ni-vr:  T '*t 

•>  > 

• 

r‘-=<*  (••,,  VI) 

C.'Ll  Cf  LC  ( r-'F.  . 

t N 1 - V , 

’’I 

,^F,F 

=■' , X 

T i| 

(K • vi,i_ ) — rC'.' 
T-/h('<  - 

r 

V- 

M = s 

T'-'-.= . - 

T‘  >'  = 'S  , 

C*LL  CxLCdiir, 

7 vi'vi  , _ ^ , 

T 1 

< < ^ « F 

rx  • X 

A 4 % % 

1 ' =i 

T '*^fK*M*L_)rTr  • 

C 

r 
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r» 
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Cl 
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r ^ V ) 
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1*'  (^C'^  (1« 

, » ^ J 0 ^ ^ ‘ J , ) 

6' 

AC  ( 1 ) = aC  ( 1)  . 

U ) ( ’ . J.><i ) 

A . ( 1 ) = fi  0 ( ’ ) ♦ 

T T » ( r . j . < ) 

^ 1 

1*'^) 

- ) TO 

r 7 

AC(P)='C(7)  ♦ 

’ ( ^ . J . ) 

A\  (F' ) { =)  ♦ 

f - (I  . J . r ) 

I"  (TC7  ( I , l,r<  ) 

, ■ .j,  -..^O  J JC^  } , -,-y  ) 

Co  TO 

6 7 

AC(3)=VCCT)  •, 

T C .5  ( f , J . K ) 

A:(3)=AM(3)  ■<■ 

■’■  P 1<  1 . J . < ) 

6 3 

I (■  (70^(1,  J.fiJ 

Tr. 

A a 

AC(‘.)=rC(a)  + 

(I»  J.-^) 

4 1*  (^)“AN(4)  ■*■ 

U (Trc  ( I , ),K  ) 

. - (1.  --.S  A'-i) 

0.  rc 

aC(S)=aC(^)  ♦ 

T C ->  ( ) . J • 'i  ) 

AO(S)=aK(6)  ♦ 

T -.  f I . J • < ) 

IT  (TCA ( I . J.K) 

'■’1  lO 

h*~ 

AC(6J=7^C(^ 

A-'i  ( A ) = ^^■  ( A ) ♦ 

T'~ry  ( T , J , K ) 

6^- 

IP  (TC7  ( I . 1,-^  ) 

. -•  1,5.  -)  ya^q . qq  > 

!'r)  TO 

6 

'\r(7)=^C(7)  » TCVU.J.^) 


7 } 

AC  (I  ) = 5C  ( T ) . 

7j  A-'(T) -A^(I)/7^^':^. 

PWPJT  OUT 

3 A 

3i*  FCP''‘ir("  ") 

OS  3-_I=lo 

0^  7S  j=l,^ 

OJ  35  »<  = ] . to 

°Pr"T  16.  TPl  (I  , j.^)  . ( I , J,i<. ) .TP- ( ' . I.K  ) . TPa  ( I . i.K  ) . 

1 L'Titi  •T->6lItJ»’<)  *I  >7  (I  ♦J.f' ) ( 1 .J.i^) 

36  Pi-  I\'T  36,  IC  I ( r . j.<  ) . rr  ^ ( '’  . J.i'  ) .T"  •!  ( T . j,K  ) , Tr^*  ( I . I.K)  . 
1 IC5  tl  ._t*_6)  . ’■116(1 » Jj.KJ  .TC7  (1 . J.'' ) . TCf  ( I . J.n  ) 

36  FOPMtT  ( 1 X 

ErT-LJ.  37 

37  PPE -(iT  ( 1 X . " A V- -^Atv'-  - >1  JO  . CO"- . PijU  mI'iS"  ) 

0.'.  7 1 1 = 1,7 

71  PHI  jT  71^.  1 .a:  ( I ) f ) 

33  F'IPMA  f ( I X , IS . if  1 6 # i?) 

STOP 

FOO 

SUJPOMTr''f  CA'.r  ( T'J^  , rv,f  ,K  •,  T i .'-r  ,r  7,  :»  ,T,,  JO, 


ni  m(7.-'),'“(7),^h( 
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appendix  2 | 

) 

rti..3AA  JTCG  Smoke  Kodel 

In  order  to  use  a chart,  construct  a perpendicular  froi"-  " 
desired  screen  length  (X  axis)  to  intercept  the  appropriate 
weather  condition  and  wind  speed  line  (lapse  5;  neutral  5,’l. 
or  I'':;  inversion  5)-  i''rom  that  point,  move  on  a horizontal  to 
the  left  scale  (Y  axis)  which  gives  the  number  of  rounds 
required  to  establish  the  screen.  From  the  same  intercept 
poir.c  on  the  appropriate  weather  condition  line,  move  on  a 
horizontal  to  the  right  to  the  column  for  the  desired  weather 
condition,  read  the  number  of  rounds  required  to  maintain  the 
screen.  Entries  at  the  column  heading  provide  the  time  between 
firings  and  placement  of  rounds  to  maintain  the  screen.  ' 

As  an  example,  to  establish  an  800  meter  smoke  screen  usir.‘ 
the  155kct  HC  round  with  a crosswind  and  an  inversion  condit^.  on, 
locate  on  the  appropriate  chart  (l55mm,  liC,  Kll63S)  the  800  reter 
screen  length  (X  axis)  . Follow  the  perpendicular  up  to  tlie 

inversion  line  and  move  horizontally  to  the  Y axis.  Four  rounus  . 

are  required  to  establish  the  screen,  as  determined  by  the  Y 

intercept.  Moving:  horizontally  to  the  right  to  the  inversion 

column,  one  round  is  necessary  to  maintain  the  screen.  .,’ithin 

this  column  it  is  shown  that  it  is  necessary  to  repeat  with  one 

round  every  two  minutes  to  maintain  the  screen,  and  it  is  also 

necessary  to  place  the  round  30  meters  upwind  of  the  area  to  be 
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screened  in  order  '^,0  cover  this  area  adequately. 


PPrtMT.  I PNir,TH  i:  MFTFRS 


SCREEN  FRr>'T;  length  'M  METERS 


SCREEN  FRONT:  LENGTH  IN  METFR 


SCREEN  FRONT:  LENGTH  IN  METER: 


Ammunifion  Expenditure  to  Establish  and  Maintain  Smoke  Screen 


SCREEN  FRONT:  LENGTH  (N  METERS 
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Appendix  G 


Computer  I vor  ram  Liatinf:  Lait  e Area  Smokf;.  i.iodci 


PROGRAH  NAB3 ( INPUT. OUTPUT, T APE5=INPUT, TAPE6*0UTPJT, TAPE 7 J 
PROGRAM  TO  3AL3ULATE  COST  OF  SMOKE  SHEAF 


DIMENSION  GH3,3I,GIN(3,3I,PL<3,3>,PIN(3,3),TCG(5,5,10), 

1 TCP15  ,^X0  ) t T CN  L5^5  . ID  I . T N G ( 5 . 5. . 1 Q 1 t TtiPJ^S  . 13  ) . S H 1 5 > ,DT(12) 
READ  IN  DATA 

DO  10  1=1,3  . __  

READ(5,100t  (GLd.J)  ,J=1,3) 

WRITE  te.lOtt)  (GLd.J)  ,J  = 1,  31  

READ(5.100)  (GINdfJ)  ,J=1,3) 


REAO(5,100)  (PLd,  J)  , J=l.  3> 
HRITE(6,iaQ)  (PL(I.J) ,J=1,3) 
READ(5,100)  (PIN(I,J).J=1,3) 

IQ  HRITE(6.ia01  (PIN(I,J)  ,J=1,3) 
100  FORMATdX  .3F10.5I 


. _ -REAQCS.ZiLfli--  -J-iiim,I»lt5) 

MRITE(6.200)  (SHI I)  ,1  = 1, 5»' 

200  FQRNAT(1X»5F10.5)  __  _ 

REAO(5.30O)  (0T(I),I=1,10) 

HRITE(6,30D)  (DT(I) ,1=1,10) 

300  FORMATdX, 10F7.0) 

PRICE  OF  GASIO.SGF  2(S).  AND  FUEL  COST/HIMUTE  (FI  FOR  SMOKE  GEN 


G=.38 

S=.i,0 

F= (GfS)»3.760, 
PRICE  OF  SMOKE  POT 


P=l<,.12 


CALCULATE  COSTS 


00  *fl  L = l,10 
DO  1,0  K=l,5 
TI=0T (L) 

X = SH(K.» 

SMOKE  GENERATOR 
Cl 

M=1 

RN=GL(2,1) 

TN=X/RN 

TC=TM»TI*F 

TCG(K,M,L)=TC 

TNG(K,M,L>=TN 


J 
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C C2 



RN=GIN(2, 1> 
TN=X/RN 
TC=TN»TI*F 
TCG(KiH,LJ=TC 
TNG(K,M,L)=TN 
-£-_C3__.  _ 

M=3 

RN=GIN(2,2) 

tn=x/rn 

TC=TN*TI»F 


TCG«K,H,LJ=TC 

TNGIK,M,L)=TN 

C C4 

M = 4 

RM=GlN(2j_l» 

TN=X/RN 
TC=TN*T1»F__  . 
TCG(K,M,_)=T: 

_ TNGCKiMtL»=TN 

C C5 

_M^5 

RN=GIN(2,1J 

TN=X/RN 

TC=TN*TI*F 

TCG(K.M,L)=TC 

TNGCK,rt,LI*TN 

...  

C SMOKE  POT 

C 

C Cl 

_ _ M=1 

RN=PL  (2,1» 

TK=X/JIN 

TC=TN*P 

TCP(K.M»L)*TC 

TNPCK,M.LI=TM 

S C2 

M=2 

RN_=PIN(1*1L  _ 

TN=X/RN 
TC=TN*P 
TCP«,M,L)=TC 
TNPCK  .M,L)»TN 


::  C3 

H=3 

RN=PIN(2,2) 

TN=X/RN 
rC=TN*P 
TCP(<,M,L  ) = TC 
rNP<K,M,L)=TN 

C _Ct*  

M=4 

RN=PIN(2, 3) 

TN=X/RN 
TC=TN*P 
TCPCK,H,L )=TC 
TNPIKiMiiI=TR 

C C5 

M = 5 

RN=PIN(2,1) 

TN=X/RN_  _ 

TC=TN*P 

_T£PLK.tM^l^JC 

TNP(<,M,L)=TM 

40  CONTINUE 

41  CONTINUE 

C DETERMINE  MIN  :0ST_VS  SITUftTION 


00  20  Isl,5  - 

DO  20  J=l,5 

00  20  K^lflO 

C1=TCG(I tJ,K) 

C2=TOP(I,J^Ja 

20  TCMCI ,JtK)s«MINl(CitC2) 

C COMPUTE  AVERAGES 
ACG>0. 

ANGsQ. 

ACP=0. 

ANP=0.  _ . . 

00  60  I=lt5 

00  60  J=l*5 

00  60  K=l«tO 

ACG^ACG  4'  TCGlIfJ.K)  _ 

ANG=ANG  4 TNG(ItJtK) 

ACP=ACP->-_rGPLU*l*JO 

60  ANP=ANP  4 TNP(I»J»K) 
ACG=ACG/250. 

ANGsANG/250. 

ACP=ACP/250. 

ANP=ANP/250. 
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C PRINT  OUT  RESULTS 
WRITE  (6f  i»00  > 

400  FORNATCIX, "RESULTANT  COSTS  - GENERATORS. POTS .MIN") 
DO  700  l=l»5 
00  700  J=l.5 
00  700  <=1»IG 

MRIT£I&*7ILL1  lNi5M*J*Ja,rNPtI,J*ja  _ 

700  MRITE(6,702)  TC G C I, J, K) . TCP ( I , J, K) , TCM ( I , J, K) 

701  F0RMAT(1X,2F15.2) 

702  F0RHAT(1X,3F15.2) 

WRITE (6. 300) 

800  FORHATC*  ~) 

WRITE  t6-._8JLU 

801  FORMATdX. "AVERAGES  - TYPE  , COST , AMT") 

WRITE <6.302)  ACG.ANG 

802  F0RMAT(1X,"GENS",5X. 2F15.2) 

WRITE (6. 803)  ACP.ANP 

803  FORMATdX, "POTS", 5X.2F15. 2) 

.SJ.OP 

END 
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